Traffic loads, along with the environment, damage pavement over time. The degradation of pavement quality is reflected in the development of a diversity of pavement distresses, such as cracking, deformation or deterioration. These distresses may occur on the surface and/or in the pavement structure, having a determinant role in pavement's quality. Aiming to increase the degree of reliability of the pavement distress data and reduce pavement observation time and visual inspection operations cost, this work presents the main steps proposed for a methodology to observe, record and evaluate flexible road pavement distresses to assess the quality of road pavements. This methodology is based on an in-vehicle inspection using GNSS and video image capture devices and in the use of Geographic Information System (GIS). Validation of the proposed methodology was made through a case study by comparing the results obtained on the in-vehicle inspection to those from a traditional visual inspection performed on foot. The similarity of results obtained by the two approaches allowed to conclude about the feasibility of the proposed methodology. Among the main advantages of the proposed methodology a highlight is on the possibility to identify, quantify and locate the most severe pavement distresses through the use of spatial tools available on GIS, producing information maps and reports that can be used in the decision-making process about road pavements rehabilitation and conservation.
Introduction
The correct knowledge of road pavements condition is essential to the proper operation of any Pavement Management System (PMS). Currently, these systems take into account technical and economic aspects of road projects, incorporating procedures for collecting, analysing, maintaining, and reporting pavement data with the purpose of defining road investment over the life cycle of the infrastructure, exploring the best strategies for the network conservation at least costs for a given level of serviceable condition [1] [2] [3] . To define the best road pavement maintenance strategies it is necessary to know the state, and by that, the quality of the pavements. As such, visual inspections must be conducted in order to obtain the different parameters that characterize road surface state. The parameters that are normally considered for assessing the quality of road pavements in the post-construction phase are: the structural capacity, the surface condition, the longitudinal and transverse regularity and the friction of the pavements [2] . From the parameters mentioned, the observation and evaluation of pavements surface condition is the one that presents the greatest complexity, since there is a wide variety of distresses that may be present on the surface of pavements, and because the identification and classification of these distresses may differ from observer to observer.
Considering Portuguese practice [4] [5] , a global evaluation of the present pavements condition, obtained through the calculation of Present Serviceability Index (PSI), which is based on the original AASHO Road Test [6] , was considered in the development of the methodology proposed in this paper. Thus, data collection operation must take into account the necessity to obtain reliable data on:  Surface condition, with special attention to cracks (longitudinal and transverse cracking, alligator cracking), deformations (pot-holes and loss of surface material) and patching areas;  Longitudinal regularity, considered through the International Roughness Index (IRI);  Transverse regularity, considered by the presence of ruts.
The PSI formulation considered is presented in equation (1). This formulation was used on the PMS of Lisbon City [4] and was based on the equation adopted by the Nevada's State PMS [7] .
Where PSIt is the Present Serviceability Index at year t; IRIt is the pavement longitudinal roughness at year t (mm/km); Rt is the rutting average depth at year t (mm); Ct is the pavement cracking area at year t (m2/100m2); St is the area with pot-holes and loss of surface material at year t (m2/100m2); Pt is the patching area at year t (m2/100m2). PSI values obtained from equation 1 can range from 0 (poor pavements' state) to 5 (new pavement) being grouped for this study into three levels:  PSI between 3,5 and 5, representing pavements in good condition, with no need for immediate intervention.  PSI between 2,5 and 3,5, representing pavements in acceptable condition. The traffic circulation is still safe with acceptable levels of comfort but it identifies pavements that would benefit from preventive intervention.  PSI between 0 and 2,5, representing pavements in poor condition, needing intervention.
After choosing the type of pavement condition evaluation to be used, it is possible to proceed with the definition of the information to be included in the road database (main component of any PMS) and to define the methodology to adopt for visual data collection, in particular for pavement distresses.
Taking into account the features listed above and to cope with the difficulties that local authorities face in managing their road assets [8] [9] [10] , in particular their pavements, a low cost methodology using GNSS, GIS and video image is presented. The methodology incorporates the procedures for collecting, recording, analysing and reporting pavement data, producing reliable data with the accuracy required for an effective evaluation of road pavements condition. The methodology aims to support the decision makers finding optimum strategies for maintaining pavements in serviceable condition. 
Methodology
The flowchart in Figure 1 shows the main steps to be considered in the development of a road spatial database for evaluation of the quality of road pavements, considering two methodologies of visual inspection -on foot and in-vehicle.
Inventory (road geometry), pavement condition (pavement distresses), drainage (superficial drainage assets), geotechnical (fill and cut zones) and control (control points for evaluation of geo-referenced information) data are the information requirements of the Spatial Data Base (SDB). Other information as traffic/loads, costs (construction, maintenance, rehabilitation and reconstruction) and interventions historical can also be included.
The visual inspection on foot was considered for validation of the results obtained by the proposed in-vehicle system and can be used as a complementary system for data acquisition. For the case of inspections conducted on foot, collection and input of data in the SDB can be performed directly on the field, using a laptop with an installed mobile GIS (such as ArcPad®) and a built-in GNSS. To perform these operations, the operator walks along the network under study, on the sidewalk or shoulder of the road, to ensure his safety and non-interference with the traffic movement (see Figure 2 ). The information related to each occurrence (type, level of severity and geo-referenced data) is automatically recorded and stored in a shapefile (vector geospatial data file format used by GIS).
A pavement distress identification manual that establishes descriptive and rating information was established and organized to assist inspection operations. This manual minimizes the subjectivity associated with the visual inspection of distresses and decreases identification time. Some examples of the main information included on the manual and considerations for PSI calculations are presented in Table 1 . Table 1 . Examples of surface distresses and severity levels Data collection (pavement distresses and surface drainage assets) using a vehicle, GNSS and image capture video equipment was developed to support the creation of the SDB. The data collection system comprises the following equipment: 1 metal structure; 1 HD webcam for image capture of the pavement surface; 1 EDM (electronic distance meter) for measuring the vertical distance to the pavement surface; GNSS receivers, for relative post-processing mode used on precision positioning and for webcam and EDM temporal synchronism of data; and 2 laptop computers to storage the data collected. Figure 3 shows how the equipment is placed in the vehicle used in the data collection. Determination of PSI values for each segment of the analysed network to assess the pavement condition.
Type of Distress
Association of PSI values to each road segment and display of all information in a GIS (ArcMap 10) Thematic map with PSI values. To ensure data quality, in-vehicle inspections with the system proposed must be carried out at a speed of approximately 20 km/h. This type of inspection requires a driver and an operator to control the data acquisition. The real-time visualization of the data collected by the operator, ensure the homogeneity of the process of image capture.
Analysis of thematic maps for supporting decision makers in finding optimum strategies for pavement maintenance
The outcome of the data collection campaign is a set of images and geographic coordinates that can be associated, allowing the visualization of the pavement surface in a GIS (such as ArcGis® or QGis®). The synchronization of different data sets (images and geographical coordinates) as well as the correct orientation of the images is performed using software developed by the authors for this purpose (see Figure 4 ).
Figure 4. Visualization and image analysis examples obtained with the in-vehicle inspection
The in-vehicle system has been tested and validated on a case study (presented in the next section). In this validation, the data collected were compared with those obtained by visual inspection on foot, for the same network [11] . For data collected in several campaigns and/or different types of inspection methods control points for verification of location data should be considered. This information allows the acquaintance and fixing of location errors associated to GNSS data and the appropriate data aggregations. All the data obtained, after processing, is used in the PSI calculation and for the thematic maps preparation.
Case study, results and discussions
The methodology was applied at the city of Covilhã, Portugal, on the road axis that connects the city centre to the road EN18, as can be seen in Figure 5 . The study road network has a length of 10 kilometres divided in two directions. The orientation west-east was considered the direction 1 and the east-west direction 2.
After an initial site examination it was concluded that a higher incidence of distresses occurs at roundabouts and roundabouts surrounding area. Therefore to ensure homogeneous road sections and aiming to a correct characterization of the pavements state for determination of PSI, it was considered a road network segmentation with roundabout sections that included a surrounding area of 40 meters. The resulting segmentation is thus composed of 15 road sections per direction, with 8 roundabout sections and 7 basic sections, as shown in Figure 5 .
To sustain the positioning data of distresses and other occurrences, a geographical positioning study of some control points, selected along the road network, was made. For that, the positioning data obtained by a kinematic post-processing receiver and the time synchronization provided by a Garmin GNSS (GPS18USB model) was compared with data obtained in a survey conducted with a postprocessing receiver. Based on this comparison, it was possible to determine an average difference value of 0.22 m between the planimetric coordinates of the control points. This value can be considered acceptable having into account the work purpose and that the data was collected in urban areas, supporting the use of a simpler GNSS receivers on this kind of surveys. After processing of the data acquired on the two inspections (on foot and in-vehicle) it was possible to prepare and compare several thematic maps with information concerning pavement distresses (cracking, alligator cracking, potholes, loss of surface material, rutting), IRI, PSI, drainage assets and geotechnical aspects (cut and fill areas), in a GIS. Some examples of thematic maps can be seen in Figures 6 and 7 .
Note that the observed degradations in the visual on foot inspection are identified and quantified from the shoulder or sidewalk of the road and with traffic moving over the inspected area. This situation does not happen in the in-vehicle inspections, since a vertical image of the surface of the pavement is obtained without interference of the traffic flow. These aspects may explain some differences in the identification of the distresses severity levels by the two approaches, leading to small variation in PSI values.
It can be also analysed the existence of relations between occurrences. An example of a visualization of this type of analysis in GIS is presented in Figure 7 for the case of cracking, alligator cracking, surface drainage, road overpass, viaducts and geotechnical aspects.
The values and locations obtained for PSI on the two approaches were very similar, as can be seen in Table 2 and Figure 8 .
The results showed that the differences in PSI values is small, with an average value of 0.14 for the direction 1 (west-east) and 0.18 for the direction 2 (east-west). These results validate the approach proposed based on in-vehicle inspections. 
Conclusions
Currently, due to financial constraints, it is essential to know the state of the road networks, in particular the pavements condition, in order to define priorities on intervention to ensure an acceptable quality level of the network and safety for users.
The observation and record of data used to determine the pavement state and the location of sensitive areas of the network is the most important phase of a PMS. Thus, the collection of reliable data is essential for the proper functioning of PMS. This work presents two approaches for collecting the required information:  By visual inspection performed on foot, using a laptop with built-in GNSS and a GIS program. This method allows to identify, quantify and record relevant aspects during data collection campaign. The process of data collection is slower but more flexible regarding the variety of information that can be collected.  By inspection performed on an instrumented vehicle that enables the video recording of the pavement surface and positioning data. The information obtained is treated in the office and can be supplemented with data from visual inspections on foot. Among the advantages of this method it is possible to highlight the speed of survey and the reliability of the collected data, whose identification is performed in the office by viewing images, if necessary repeatedly, in a GIS.
The use of GNSS position data allows the adoption of a spatial referencing system. These systems allow the association of information about the occurrences to its geographical position regardless of changes that may occur in the network. It also enables the data visualization in linear referencing systems. Acquiring data associated with their geographical coordinates, through the application of the WMCAUS 2019 IOP Conf. Series: Materials Science and Engineering 603 (2019) 042083 IOP Publishing doi:10.1088/1757-899X/603/4/042083 10 two described approaches, allows the building of spatial databases (SDB) as well as visualize and analyse the spatial distribution of information in a clear and rigorous way using a GIS. The main advantage of these operations is the location of segments of the network with preventive and corrective maintenance needs.
Comparing the results obtained from the two types of inspection, it is clear that the inspection using an instrumented vehicle allows a reduction in time spent on data collection and a reduction in subjectivity associated to the collected information.
